SPECIFICATION

TITLE OF THE INVENTION
Semiconductor integrated circuit device and

method for manufacturing the same

FIELD OF THE INVENTION

The present invention is related to a logic semicon—
ductor integratéd circuit device on which an insulated—gate type
field effect transistor operational under a normal.supply
voltage, for example a CMOS transistor, and a high breakdown
voltége insulated—-gate type field effect transistor such as a
high breakdown voltage CMOS transistor for writing in a
programmable element are integrated, and a method of |

manufacturing the same.

BACKGROUND OF THE INVENTION

A gate array device which allows a LSI designer to
program and implementing a desired circuit, or a FPGA (Fie;d
Programmable Gate Array), has become popular. A most prospective
among the programmable elements for FPGA is an antifuse element.
Tﬁe praogramming voitage Vpp of an antifuse element needs to be
set that Vpp/2 is higher than the supply voltage for logic

circuit. Therefore, for programming an antifuse element a so
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called high breakdown voltage transistor whose drain breakdown
voltage is higher than the logic circuit supply voltage is
required.

A conventional integrated circuit device is described
in the'following with reference to Fig.3(a) through Fig.3(d},
using i;s manufacturing methoa as the vehicle.

Among various élements of FPGA, Fig.3 illustrates the
cross sectional structure of a standard N—-channel type MQOS
transistor constituting a logic circuit (hereinafter referred to
as an N—chanﬁel standard traﬁsistor or simply as a standard
transistor) and an N-channel type high breakdown voltage MOS
transistor for programming in an antifuse element (hereinafter
referred to as an N-channel high breakdown voltage transistor or
simply as a high breakdown wvoltage transistor).

Fig.3(a) shows oxide film etching process for forming a
gate insulation film of a specified thickness for each of thé
N—-channel standard transistor and the N—channel high breakdown
voltage transistor; on a P-type monocrystal silicon substrate 1 a
P-well region 2, a thick silicon oxide film é for separating
elements and a channel dope region 4 are provided. After a first
gate insulation film 5 is formed, at least a region for forming
an N-channel high breakdown wvoltage transistor is covered with a
first resist £film 6, and a gate insulation film (not shown) on a
region for forming a N-channel standard transistor is selectively

removed by a buffered hydrofluoric acid etc.

s
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Then, as shown in Fig.3(b), a second gate insulation
film 7 is formed after the first resist film 6 is removed, and a
polycrystalline silicon 8 doped with N-type impurities such as

phosphorus . is grown to make a gate electrode.

1

+

Then, as Fig.3(c) shows, a first gate electrode 9 for
high bgéakdown voltage transistor and a second gate electrode for
sﬁapdard transistor are formed by selectively etching off the
polycrystalline silicon film 8. And then, using the gate
electrode 9 and the gate electrode 10 as the mask, an N —type
diffusion layer region 12 which is to become an offset diffusion
layer and an N —type diffusion layer region 13 which is to become
an LDD are formed by a self-aligned ion—implantation of N-—type
impurities 1l such as phosphorus.

Then, as shown in Fig.3(d), the first ééte electrode 9
and the second gate electrode 10 are provided respectively with a
first sidewall spacer 14 and a second sidewall spacer 15. By
ion-implantiné N—type impurities 17 such as arsenic using a
second resist film 16 as the mask, an N ~type offse£ diffusion
layer 18, an N+—~type source region 19 and an N+—-type Arain region
20 are formed for the high breakdown voltage transistor; at the
same time, an N —type LDD diffusion layer 21, an N+—type source
region 22 and an N+—type drain region 23 are formed for the
standard tranéistor.
In the above described conventional semiconductor integ-

rated circuit device, the standard transistor and the high break-
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down voltage transistor share the channel dope region 4 in common;
as a result, there is a problem that if the impurity concentration
in the channel dope region is raised for suppressing the short
channel effect of standard transistor the drain breakdown voltage
of the high breakdown voltage transistor goes down.

. There are still other problems that the dispersion in
the dimensions of the second resist film 16, the displacement of
mask and other factors bring about a dispersion in the dimensions
of the N —type offset diffusion layer 18, which results in a
dispersion in the electfical characteristics of high breakdown
voltage transistor, particularly in the drain breakdown voltage
and the saturation current.. On the other hand, if the layout of
transistor cell is determined tak;ng the dispersion in processing
into consideration for improving the ele;trical characteristicg,

the cell area inevitably goes larger, creating a new problem.

SUMMARY OF THE INVENTION

The present invention is intended to present a
semiconductor integrated circuit device in which the short
channel characteristic of standard transistor and the drain
breakdown voltage characteristic of high breakdown voltage
transistor are improved altogether, the dispersion in electrical
characteristics of high breakdown voltage transistor is
controlled, and the area of high breakdown voltage transistor is

made smaller; as well as a method of manufacture therefor.



In a semiconductor integrated circuit device of the
present invention on which a plurality of kinds of field effect
transistors'are integrated, each of the field effect transistors
has different impurity concentration in the channel dope region;
in pérticular, in a2 semiconductor integrated circuit device on
thch ;wo kinds of insulated—gate type field effect transistors
afg integrated, the impurity concentration in the channel dope
region of a second insulated—gate type field effect transistor is
made to be twice to ten times as high that in the channel dope
region of a first insulated—gate type field effect transistor.

A method for manufacturing the invented semiconductor
integrated circuit device comprises the steps of forming a gate
insulation film on a region for a first insulated—gate type field
effect transistor ;nd a second insulated—gate type field effect
transistor, selectively doping impurities in a channel dope
region on which the sécond insulated—gate type field effect
transistor is to be formed, forming a first gate insulation film
on a region for the first insulated—gate type field gffect
transistor by selectively removing the gate insulation film on a
region where the second insulated—gate type_fieid effect
transistor is to be formed, forming a second gate insulation film
on a region where the second insuiated—gate_type field effect
transistor is to be formed, forming a first Qate electrode of the
first insulated—gate type field effect transistor and a second

gate electrode of the second insulated—gate type field effect



transistor, respectively, with an electroconductive film
comprised of semiconductor or metal etc., conducting a
self-aligned ion—-implantation of N—type impurities at an
implanFing angle 40° — 50° using the first gate electrode and the
secona gate electrode as the mask, forming a spacer to the
sidewails of the first and the second gate electrodes, and
cbnductinq a self—aligﬁed ion—implantation of N-type impurities
using the first and the second gate electrodes and the sidewall
spacers as the mask.

Therefore, according to the present invention, the
respective gate insulation films to be used for the pluralities
of kinds of field effect transistors may be formed with a desired
film thickness, and the density of impurities in each channel
dope region-of respective field effect transistors may be
differentiated.. Thus the short channel characteristic of fhe
standard transistor and the drain breakdown voltage
characteristic of the high breakdown voltage transistor are
improved at the same time, the dispersion in electrical
characteristics of the high breakdown voltage transistor is put
under the control, and area for the high breakdown voltage

transistor is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig.l is a cross sectional view showing a semiconductor

integrated circuit device according to an embodiment of the



present invention.

Fig.2(a), Fig.2(b), Fig.2(c) and Fig.Z(d) are cross
sectional views showing the process steps for manufacturing the
semiconductor integrated circuit device of Fig.l.

Fig.3(a), Fig.3(b), Fig.3(c) and Fig.3(d) are cross
- sectional views showing the conventional process steps for

manufacturing a semiconductor integrated circuit device.

DETAILEb DESCRIPTION OF THE INVENTION

'The present invention as claimed in Claim 1 describes a
semiconductor integrated circuit device on which a plurality of
kinds of field effect transistors are integrated, wherein the
impurity concentration in the channel dope region of respective
field effect transistors is differentiated. This makes it
possible to improve the electrical characteristics of the plural
kinds of field effect transistors altogether.

The present invention as claimed in Claim 2 describes a
semiconductor integrated circuit device on which tﬁ§ kinds of
insulated—-gate type field effect transistors are inteérated,
wherein the impurity concentration in the channel dope region of
a second insulated-gate type field effect transistor is made to
be twice to £en times as high that in the channel ddpe region of
a first insulated-gate type field effect trénsistor. This
enhances the drain breakdown voltage of the first insulated—gate

type field effect transistor.



The present invention as claimed in Claim 3 describes a
semiconductor integrated circuit device, wherein the first
insulated—gate type field effect trénsistor is an N—channel type
high breakdown voltage MOS transistor, the second insulated-gate
type field éffect transitor is an N—channel'type MOS transistor.
This raises the drain breakdown voltage of the N-channel type
higb breakdown voltage MOS transistor.

The present invention as claimed in Claim 4 describes a
method for manufacturing a semiconductor integrated circuit device
on which a first insulated-gate type field effect transistor and a
second insulated—gate type fiéld effect transitor are integrated,
comprising the steps of forming a gate insulation f£film on a
semiconductor substrate in a region where a first insulated—gate
type field effect transistor and a Eecond insulated—gate type
field effect ;ransistor are to be formed, selectively dopiﬁg
impurities in a channel dope region of the second insulated—éate
type field effect transistor, forming a first gate insulation film
on a region of the first insulated—gate type field effect
transistor by selectively removing the gate insulatian film on a
regipn of the second insulated—gate type field effect transistor,
forming a second gate insulation film on a region of the second
insulated—gate type field effect transistor, and forming a first
gate electrode of the first insulated-gate type field effect
transistor and a second gate electrode of the second insulated-

gate type field effect transistor respectively with an
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electroconductive film comprised of semiconductor or metal etc.
Thereby, the first gate insulation film and the second gate
insulation film for the first and the second insulated—-gate type
field ?ffect transistors may be formed respectively with a
specified thickness, and respective channel dope regions of the
first a;d the second insulated—gate type field effect transistors.
méy_have different impurity concentration.

The present invention as claimed in Claim 5 describes a
method for manufacturing a semiconductor integrated circuit device
on which a first insulated—-gate type field effect transistor and a
second insulated—gate type field effect transitor are integrated,
wherein the process for forming a diffusion region which is to
become a source and a drain comprises the steps of conducting a
.self-aligned ion—implantaion of N—type impurities at an angle 40’
— 50° of elevation using the first gate electrode and the second
gate électrode as the mask with the semiconductor substrate
revolving, forming a spacer to the sidewall of the f;rst and the
second gate electrodes, and conducting a self—aligned ion—
implantation of N-type impurities using the first and the second
gate electrodes and the sidewall spacers.as the mask. Thereby, an
offset diffusion layer of the second insulated-gate type field
effect transistor may be formed by self-alignment, the dimensional
dispersion of the offset diffusion.layer may be suppressed; as a
result, the dispersion in electrical characteristics of second

insulated-gate type field effect transitor, in particular the
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drain breakdown voltage and the saturation current, may be
suppressed. Furthermore, in forming the offset diffusion layer,
it turns out to be unnecessary to consider the dimensional
dispersion of resist film and the masking margin, and the area for
second insulated—gate type field effect transitor may be reduced.

| In the following, preferred embodiments of the present
in&gntion will be described with referénce to Fig.l and Fig.2.
Those constituent parts having equivalén# functions as in Fig.3
are designated with-the same numerals, and detailed explanation of
which are omitted here. The descriptions will be made on the
points of difference.

(Embodiment 1)

Fig.l shows é first embodiment of the present invention.
In Fig.l, symbol'A denotes an N—channel high breakdown voltage
transistor, or a first insulated—gate type field effect
transistor, and symbol B denotes an N—-channel stahdard'transistor,
or a second iﬁsulated—gate field effect transistor.

What is different in the structure of the invented
semiconductor integrated circuit device from the structure of
Fig.3 is that in the former the first insulated—gate type field
effect transistor has a first channel dope region 4a which is
structured separate from a second channel dope region 4b of the
second insulated-gate type field effect transistor, the impurity
concentration in the second channel dope region 4b being twice to

ten times as high that of the first channel dope region 4a.
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(Embodiment 2)

A method for manufacturing a semiconductor inteqtated
circuit device according to a second embodiment of the present
inventipn is described in the following.

Fig.2(a) - Fig.2(d) are cross sectional views showing
the processing steps for forming an N—channel standard transistor
and'an N-channel high breakdown voltage transistor, among a number
of consituent elements of the FPGA.

Fié.Z(a) shows an oxide film etching process for forming
a gate oxide film of a certain desired thickness for each of the
N—-channel standard transistor B and the N—channel high breakdown
voltage transistor A, as well as a process of doping impurities in
the channel region of N—-channel standard transistor B; on a P—~type

monocrystal silicon substrate 1 having é specific resistivity 10
- 20Qcm, a P-well region 2 is provided, and then a silicon.oxide
"film 3 of 300 — 500nm thick for separafing the elements and a
first channel dope region 4a are provided. After forming a first
gate oxide film 5 of 15 — 30nm thick, a region for forping the
N-channel high breakdown voltage transistor A is covered with a
first resist film 6, and a second channel dope region 4b is formed
on a channel region for N—-channel standard transistor B by
selectively ion—implanting P—type impurities 24, e.g. boron, with
the doping quantity 5 x 10” -5 x 1012 ﬁm" 2.

o Then, the first gate oxide film S5 on a region in which

the N—-channel standard transistor B is to be formed is selectively
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removed by a buffered hydroflucric acid etc. The impurity
‘concentration in the second channel dope region 4b being twice to
tén times as high that in the first channel dope region 4a.

As shown in Fig.2(b), after resist film 6 is removed, a
second gate oxide film 7 of S5 — 15nm thick is formed on the region
af N—ch;nnel standard transitor B, and over it a polycrystalline
silicon doped with N—type impurities such as phosphorﬁs is grown
to make a gate electrode for a thickness of 300 — 500nm.

Next, as shown in Fig.2(¢), a first gate electrode 9 for
the N—channel high breakdown voltage transistor and a second gate
electrode 10 for the N-channel standard transistor are formed by
selectively etching the polycrystalline silicon film 8, and then
an N —type diffusion layer region 12 for making.offset diffusion
layer and an N —type diffusion layer region 13 for making LDD are
formed by a self-aligned ion—implantation of N—-type impurities 11 .
for example phosphorus using the first gate electrode 9 and'the
second gate electrode 10 as the mask. The phosphorus ion—implan—
tation is conducted with an acceleration energy higher than 80keV,

a total doping quantity 2 x 1013 -2 x .'!.0'4cm-2

, at an elevation
angle 40° - 50°, while revolving the semiconductor substrate 1.
Further, as shown in Fig.2(d), after the first gate
oxide film 5 and the second gate oxide film 7 are selectively
etched off using the first and the second gate electrodes 9, 10

as the mask, a first sidewall spacer 14 is formed to the first

gate electrode 9, and a second sidewall spacer 15 to the second
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gate electrode 10.
As the next step, an N —type offset diffusion layer 18,
an N+—type source region 19 and an N+—type drain region 20 are
formed by ion—implanting N—type impurities 17, e.g. arsenic, for

the high breakdown voltage transistor, at the same time an N —type
LDD_diéfusion layer 21, an N+—-type source region 22 and an Ni+—type
dfa;n region 23 are formed for the standard transistor.

Thus, according to the present embodiment, the N—channel
standard transistor B and the N—channel high breakdown voltage
transistor A are provided respectively with gate oxide film 7 and
gate oxide film 5, each of the films having its own desired film
thickness. And channel dcbe regions 4a, 4b, may be formed each
with a desired impurity different to each other. The characteris-
tics of the N—channel standard transistor B and the N-cﬁannel high
breakdown voltage transistor A may be controlled independently.

Furthermore, according to the prgsent embodiment tﬁe
formation of offset diffusion layer 18 of N—channel high breakdown
voltage transistor A is self-aligned. Namely, the dimeﬁsions of
offset diffusion layer 18 is not affected by the dispérsion in the
dimensions 6f resist film or the displacement of masking which is
intrinsic to a conventional mask process, and the dispersion of
electrical characteristics, a.o. the drain breakdown voltage and
saturation current, caused by the processing dispersion is not

enlarged; and the dispersion in the electrical characteristics of

N—channel high breakdown voltage transistor A is suppressed.
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In layouting the N-channel high breakdown voltage
transistor A, it is not necessary to consider the dispersion_of
resist film dimensions and the masking margin which conventionally
accompanied to the formation of N —type offset diffusion layer 18.
This allows to make the area of N—channel high breakdcwn_voltage
transistor A smaller.

As described above, the channel dope region of a
semiconductor integrated circuit according to the present
invenﬁion have been formed separately, a first channel dope region
of the first insulated—gate type field effect transistor and a
second channel dope region of the second insﬁlatéd—gate type field
effect transistor; wherein the impurity concentration in the’
second channel dope region is twice to ten times as high that in
the first channel dope region. This allows to control the
characteristics of the two different kinds of insulated—gate type
field effect transistors independently; therefore, the drain.
breakdown voltage of high.breakdown voltage insulated—gate type
field effect transistor may be faised. Also, the dimensional
dispersion during the processing of.offset diffusion layer of the
high breakdown voltage insulated—gate type field effect transistor
may be suppressed, and the disﬁersion in the electrical
characteristics may be suppressed either. Furthermore, the area

for a high breakdown vcoltage insulated—gate type field effect

transistor may be made smaller.
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CLAIMS:

1. A semiconductor integrated circuit device having a
plurality of kinds of field effect transistors integrated thereon,
whereiq imburity concentration in the channel dope region of
respeétive field effect transistors is different.

2. A semiconductor integrated circuit device having two
kin@s of insulated—gate type field effect transistors integrated
thereon, wherein impurity concentration in the channel dope region
of a second insulated—gate type field effect transistor is twice
to ten times as high that in the channel dope region of a first
insulated—gate type field effect transistor.

3. A semiconductor integrated circuit device of Claim 2,
wherein said first insulated—gate type field effect transistor is
an N-channel type high breakdown voltage MOS transistor, whereas
said second insulated—gate type field effect transistor is an
N-channel type MOS transistor.

4. A method for manufacturing a semiconductor integrated
circuit device having a first insulated-gate type fie}d effect
transistor and a second insulated-gate type field effect transitor
integrated thereon, comprising the steps of

forming a gate insulation film on a semiconductor
substrate in a region where said first insulated—gate type field
effect transistor and said second insulated—-gate type field effect
transistor are to be formed,

selectively doping the impurities in the channel dope
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region of a region on which said second insulated—gate type field

16

effect transistor is to be formed,

forming a first gate insulation film on a region of said
first iqsulated-gate type field effect transistor by removing said
gate insulation film on the region of said second insulated—-gate
type field effect transistor,

forming a second gate insulation film on a region of
said second insulated—gate'type field effect transistor, and

forming a first gate electrode of said first insulated-
gate type field effect transistor and a second gate electrode of
said sgcond insulated—-gate type field effect transistor
respectively with an electroconductive film comprised of
semiconductor or metal etc;

5. A method for manufacturing a semiconductor integrated
circuit device having a first insulated—gate type field éffect
transistor and a second insulated—-gate type field effect transitor
integrated thereon, wherein the process for forming a diffusion
region which is to make a source and a drain comprises the steps
of conducting a self-aligned ion—implantaion of the N-type
impurities at an angle 40" — S0° of eievation using the first gate
electrode and the second gate electrode as the mask revolving the
semiconductor substrate, forming a spacer to the sidewall of said
first and second gate electrodes, and conducting a self—aligned
ion—implantation of the N-type impurities using said first and

second gate electrodes and said sidewall spacers as the mask.



